The paper proposed a method of segmentation of leukocytes from the blood and bone marrow samples. A study of the accuracy characteristics of the method is carried out. The techniques of watersheds and the distances transformation were used as the basis of our segmentation method to achieve optimal segmentation of leukocyte. Proposed method was successfully embedded in the system of automatic recognition of white blood cells for classification of blood cells.
Introduction
The use of methods and means of digital image processing for automation of diagnosis of acute leukemia is of considerable interest, because the composition of the cells and their morphological affiliation is of paramount importance [1] [2] .
The procedure of cells recognition includes the following stages: registration of the images, preprocessing, segmentation, description, classification. One of the most important steps is segmentation, in which nucleus and cytoplasm of cells are selected.
Then objects characteristics are measured. Closely located cells on images of bone marrow samples are a challenge for their automatic segmentation [3] [4] .
A system of blood analysis was presented in [5] . It carries out leukocytes count, leukocytes classification, red blood cells count. The problem of agglomerated leucocytes was solved by distance transformation and watershed algorithm using. Thus, the result is multiple objects, separated by a line roughly coinciding with the line of contact. These objects are an input to the classifier [5] . This method is suitable for separating multiple leukocytes, since the watershed algorithm can detect all areas in 
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PhysBioSymp17 the transformed image [6] . The disadvantages are the impossibility to apply it to the cells during the adhesion formed ring (the inner line of contact will not be included in the circuit). A remote filter before transformation by the algorithm of the watershed was used in [6] . The algorithm of the watershed with markers was used [6] .
This approach is convenient and suitable for the task at hand. It is possible to offer the method proposed in [5] and [6] for image processing in combination of the pros and cons of the considered approaches. Preliminary study of the methods proposed in these papers for the segmentation of cells in bone marrow showed precision in ∼55%. So it is necessary to carry out research in the area of modification the proposed methods.
The aim of the paper was to study the effectiveness of methods for distances transformation and watershed in resolving the problem of segmentation of leukocytes in terms of their proximity ("clumping") on the images of bone marrow samples.
Materials and methods
The process of cells images reception is shown in Figure 1 . Images are received by the system of computer microscopy (automated Olympus BX43 microscope with camera Imperx IPX-4M1ST-GCFB). Images were saved in BMP format, color-coded RGB24 (∼16 million colors). 50 samples images were received from which the 1018 cells images were formed [1] [2] [3] [4] [7] [8] .
The following steps for image processing are proposed to solve the problem of segmentation -background and erythrocytes removal based on the analysis of luminance histograms of the color component, selecting objects (filling), screening artifacts, the identification of "sticky" white blood cells. The object contours are searched for sticky leukocytes, internal empty space is selected. the distance transform and modified watershed method are used for the separation of sticky white blood cells.
Results and discussion
The proposed solution is implemented as a software module in C++ using Qt library.
This approach allowed us to effectively separate the sticky cells and isolate their nuclei (Figure 2 ). The type of the analyzed object influences on the correctness of the algorithm: if the white blood cells stuck together in a closed structure, the division may be wrong. The calculated shape factor makes it easy to distinguish a rounded nucleus from the nucleus of irregular shape that provides valuable information for recognition. segmentation. We selected 3 types of artifacts ( Figure 3 ). First type artifacts were allocated in 8% of cells, the second type artifacts were 4%, the third type artifacts were 12%.
Conclusions
The proposed approach allows leukocytes segmentation in automated recognition of leukocytes.
The segmentation artifacts were identified in this study. We specified three types of artifacts.
We plan to continue research on optimization of the proposed approach with consideration of artifacts at the initial stage of the method.
